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GLPHQVLRQVPD\EHHDV\FKDQJHGHYHQLQWKHUHDOWLPH7KHDYDLODELOLW\RIPRGHOHQDEOHVWKHGHVLJQHUWRIROORZDOO
GHWDLOHGGLPHQVLRQVZKLFKDUHFKDQJHDEOHLQWKHUHVXOWRIFRUUHFWLRQRIPDLQGHVLJQSDUDPHWHUVDVZHOODVWRDQDO\]H
GLVWULEXWLRQ RI LQWHUQDO IRUFHV LQ WKH VWUXFWXUDO V\VWHP 2SWLPDO GHWHUPLQDWLRQ RI WKH UHODWLRQVKLS EHWZHHQ DOO
FRPSRQHQWVIRUPLQJWKHDUFKLWHFWXUDOREMHFWLVWKHNH\WRHIILFLHQWIOH[LEOHGHVLJQ
$UFKLWHFWXUDODQGVWUXFWXUDOIRUPV
$FFRUGLQJWRWKHZLGHO\DFFHSWHGYLHZDQDUFKLWHFWXUDOZRUNLVFKDUDFWHUL]HGE\DIXQFWLRQDVWUXFWXUHDQGDIRUP
7KHIRUPFDOOHGXVXDOO\DQDUFKLWHFWXUDOIRUPLVGHILQHGDVWKHSODFHRIFRQWDFWEHWZHHQPDVVDQGVSDFHRUDQH[WHUQDO
DSSHDUDQFHOLPLWHGWRWKHRXWOLQH>@,WUHIHUHQFHVWRDQH[WHULRURIWKHDUFKLWHFWXUDOZRUNDQGPD\EHWKHVXEMHFWRI
DHVWKHWLFHYDOXDWLRQ7KHIXQFWLRQDQGWKHVWUXFWXUHDUHUHODWLYHWRWKHLQWHULRU7KHIXQFWLRQPHDQVDQRUJDQL]DWLRQRI
LQWHUQDOVSDFHLQDPDQQHUSURSHUIRUVSHFLILFQHHGVRIDPDQ'XHWRWKHIDFWWKDWWKRVHQHHGVPD\FKDQJHRYHUWLPH
REMHFWVZKRVHLQWHULRUVDUHDGDSWDEOHDUHHVSHFLDOO\IXQFWLRQDO7KHVWUXFWXUHLVDVHWRIWKRVHHOHPHQWVRIDUFKLWHFWXUDO
REMHFWZKLFKWUDQVIHUORDGVWRWKHJURXQG5DWLRQDOVWUXFWXUHLVFKDUDFWHUL]HGE\DVPXFKDVSRVVLEOHULJLGLW\DWDV
ORZDVSRVVLEOHZHLJKW
$UFKLWHFWXUDOZRUNVKRXOGEHGHVLJQHGLQVXFKDZD\WKDWQHLWKHURIWKUHHTXDOLWLHVDIRUPDIXQFWLRQDQGDVWUXFWXUH
JHWDQDGYDQWDJHRYHURWKHUV>@$V\PELRVLVEHWZHHQIRUPDQGDVWUXFWXUHLQWRVRFDOOHGDVWUXFWXUDOIRUPZKLFKLV
FKDUDFWHUL]HGE\VLPSOLFLW\DFFHSWDEOHERWKIURPDQDHVWKHWLFDQGVWDWLFSRLQWVRIYLHZLVDSURSHUVWHSWRDFKLHYHWKLV
JRDO7KHPHWULFGHIRUPDWLRQRIWKHVWUXFWXUHDWVWURQJUHODWLRQVKLSEHWZHHQLWDQGWKHDUFKLWHFWXUDOIRUPVKRXOGUHVXOW
RQO\WRPHWULFGHIRUPDWLRQRIWKHDUFKLWHFWXUDOIRUPRULQYHUVHO\DQGQHYHUFDQQRWFKDQJHWKHDIILQHSURSHUWLHV7KLV
IHDWXUHLVFDOOHGVWUXFWXUDOVWDELOLW\>@
7KHHVVHQFHRIUHFLSURFLW\LQVWUXFWXUDOFRQWH[W
7KHWRSLFRIUHFLSURFDOVWUXFWXUHVLVNQRZQIURPWKH0LGGOH$JHVDQGLWLVH[SHULHQFLQJDUHQDLVVDQFHLQUHFHQW
\HDUV7KHDXWKRUVXQGHUVWDQGWKHUHFLSURFDOVWUXFWXUHDVWKHVWUXFWXUHFRPSRVHGRIHOHPHQWVMRLQHGWRJHWKHULQVXFK
DZD\WKDWHDFKHOHPHQWLVVXSSRUWHGDQGVXSSRUWVDOORWKHUHOHPHQWVRIWKHVWUXFWXUH>@7KHLPSRUWDQWIHDWXUHVDUH
WKDWHOHPHQWVVKRXOGEHFRQQHFWHGLQRQHSRLQWZLWKRQO\RQHRWKHUHOHPHQWRUWKHH[WHUQDOVXSSRUWDQGWKDWWKHVH
SRLQWVFDQEHDUUDQJHGIUHHO\DORQJWKHVSDQVRIWKHHOHPHQWV
7KHTXDOLILFDWLRQRIVWUXFWXUDOV\VWHPDVUHFLSURFDORUQRWGHSHQGVRQPHQWLRQHGIHDWXUHVQRWRQWKHZD\RIPDNLQJ
FRQQHFWLRQVEHWZHHQFRPSRQHQWV&RQWHPSRUDU\VWXGLHVIRFXVRQVWUXFWXUHVUHDOL]HGZLWKRXWFRQQHFWRUVZKDWOLPLWV
WKHUDQJHRIFRQVLGHUDWLRQVWRRQO\VSDWLDOOD\RXWV7KHDXWKRUVUHIHUWKHLUZRUNWRVXFKDUUDQJHPHQWVRIFRPSRQHQWV
ZKLFKHYLGHQWO\UHTXLUHDGGLWLRQDOIDVWHQHUVZKDWEULQJWKHPFORVHUWRRULJLQDOLGHDVUHODWHGWRDSSOLFDWLRQVLQIODW
FHLOLQJV
)OH[LEOHGHVLJQRIVWDEOHVWUXFWXUDOIRUPVZLWKWKHXVHRIUHFLSURFDOVWUXFWXUHV
4.1. Assumptions 
7KH LQGHSHQGHQW GLPHQVLRQV RI D VLPSOH URWDWLRQDOO\V\PPHWULF UHFLSURFDO V\VWHP UHJDUGOHVV RI WKH W\SH DUH
UHODWLYHWR OHQJWKVRIHOHPHQWV WKHDUUDQJHPHQWRISRLQWVRIFRQQHFWLRQRIHOHPHQWVDQGWKHDUUDQJHPHQWRIRXWHU
VXSSRUWV)LJ2QWKHEDVHRIWKHPWKHPXOWLUHFLSURFDOV\VWHPVPD\EHFRQVWUXFWHGZLWKWKDWSURYLVRWKDWQRWDOO
LWHPVPXVWEHVXSSRUWHGRQWKHRXWHUVXSSRUWV
4.2. Twisted forms of multistory buildings 
7ZLVWHGEXLOGLQJVDUHWKHEXLOGLQJVZKRVHQH[WIORRUVDUHEXLOWXSE\UHSHDWLQJDJURXQGIORRUSODQZLWKURWDWLRQ
DURXQGDYHUWLFDOD[LV>@)URPWKHSRLQWRIYLHZRIHQVXULQJPD[LPXPIXQFWLRQDOLW\RIWKHEXLOGLQJWKHLGHDOVROXWLRQ
LVWRWUDQVIHUWKHORDGVIURPWKHFHLOLQJWRWKHJURXQGRQO\WKURXJKWKHYHUWLFDOFROXPQV,QVXFKDFDVHWKHDUUDQJHPHQW
RI WKH FROXPQVZLWK UHVSHFW WR WKH LQGLYLGXDO IORRUV LV QRW LGHQWLFDO 7KH XVH RI V\VWHPV RI UHFLSURFDO EHDPV DV
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VWUXFWXUHVWKDWPHGLDWHLQWKHWUDQVIHURIORDGVIURPWKHVODEIORRUVWRWKHFROXPQVLVUHDVRQDEOHVROXWLRQIRXQGIRU
GHVFULEHGVLWXDWLRQ>@

)LJ,QGHSHQGHQWGLPHQVLRQVGHILQLQJWKHVLPSOHUHFLSURFDOV\VWHP
7KHLGHDLVEDVHGRQDELOLWLHVWRPRYHWKHH[WHUQDOVXSSRUWDQGWKHMRLQWSRLQWDORQJWKHOHQJWKRIFRPSRQHQWRI
UHFLSURFDOV\VWHP5HYHUVDORIWKLVFRQFHSWFRQVLVWVLQNHHSLQJDIL[HGSRVLWLRQRIWKHFROXPQVDQGLQDFKDQJHRIWKH
OHQJWKVRIWKHEHDPVRQERWKVLGHVRIWKHVXSSRUWSRLQWV7KHLQLWLDOUHVXOWRIWKHFRQFHSW LVVKRZQLQ)LJ)LJ
SUHVHQWVWKHH[WHQVLRQRIWKHFRQFHSWLQWRV\VWHPVFRQVLVWLQJRIEHDPVRQHDQGGRXEOHFDQWLOHYHUHG7KHSURSRVHG
VWUXFWXUDOV\VWHPFDQEHDGDSWHGWREXLOGLQJZLWKIORRUVLQDVKDSHRIDQ\UHJXODUSRO\JRQDQGDOORZVWRDFFHSWDUELWUDU\
GLPHQVLRQVDQGURWDWLRQDQJOHVIRUHDFKIORRU'XHWRWKHIXVLRQRIDVWUXFWXUHDQGDIRUPGHILQHGE\HGJHVRIWKHIORRU
VODEVLQWRWKHVWDEOHVWUXFWXUDOIRUPWKHIRUPDWLRQRIWZLVWHGEXLOGLQJVIOH[LEOHLQWKHPHDQLQJPHQWLRQHGHDUOLHULV
HDV\ DYDLODEOH 7KHUH LV SRVVLEOH WR VKDSH LQ VLPLODU ZD\ WZLVWHG EXLOGLQJV EDVHG RQ PXOWLUHFLSURFDO V\VWHPV
VXSSRUWHGRQWKHJUHDWHUQXPEHURIFROXPQV


)LJ6XSSRUWLQJQH[WIORRUVRIWZLVWHGEXLOGLQJVRQFROXPQV


)LJ6XSSRUWLQJIORRUVODEVZLWKWKHXVHRIV\VWHPVRIFDQWLOHYHUHGEHDPV
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4.3. Modular shell roofs 
7KHVKHOOURRIVFRQVLGHUHGLQWKHSDSHUDUHGHVLJQHGRQWKHEDVHRIPXOWLUHFLSURFDOVWUXFWXUDOV\VWHPVWKDQNVWR
DSSO\LQJDSDUWIURPVWUDLJKWDOVRDUFKHGVWUXFWXUDOHOHPHQWVZKLFKDUHUHVSRQVLEOHIRUFXUYDWXUHRIVKHOOVHJPHQWV
>@([HPSODU\DUUDQJHPHQWVRIFRPSRQHQWVDUHVKRZQLQ)LJ7KHLGHDLVHVSHFLDOO\VXLWDEOHIRUURRIVRIOHQJWKV
FRQVLGHUDEO\JUHDWHUWKDQZLGWKVDQGVLGHHGJHOLQHVRXWRISDUDOOHOWRGLUHFWLRQVRIVWUXFWXUDOHOHPHQWVEHFDXVHLQ
VXFKDFDVHVKDSHVRILQGLYLGXDOVHJPHQWVDUHHVSHFLDOO\LQWHUHVWLQJDQGWKHLUGLYHUVLW\LVVLJQLILFDQWLQFRPSDULVRQ
ZLWKWKHVL]HRIWKHURRI)LJ7KHURRIVDUHFKDUDFWHUL]HGE\WKHVWDEOHVWUXFWXUDOIRUPVQDWXUDOO\EHFDXVHH[DFWO\
WKHVDPHFRPSRQHQWVDUHVKDSLQJWKHVWUXFWXUDOV\VWHPVDQGWKHDUFKLWHFWXUDOIRUPV

)LJ6FKHPHVRIPXOWLUHFLSURFDOV\VWHPVEHLQJEDVHVRIPRGXODUVKHOOURRIV
)LJ0RGHOVRIPRGXODUVKHOOURRIVEDVHGRQUHFLSURFDOVWUXFWXUHV
3DUDPHWULFGHVLJQDLGHGZLWKDSSOLFDWLRQRI*UDVVKRSSHUODQJXDJH
7KHHIIHFWLYHWRROIRUIOH[LEOHVKDSLQJRIDUFKLWHFWXUDOIRUPVZLWKWKHXVHRIUHFLSURFDOVWUXFWXUHVPD\EHGHYHORSHG
RQ WKHEDVHRISUHVHQWGD\ VRIWZDUH IRUSDUDPHWULFGHVLJQRI'REMHFWV7KHDXWKRUVKDYHXVHG WKH*UDVVKRSSHU
SURJUDPZKLFKLVYLVXDODOJRULWKPLFSURJUDPPLQJODQJXDJHUXQQLQJLQ5KLQRFHURVHQYLURQPHQW$OOVSDWLDOIRUPV
ZKLFK KDYH EHHQ JHQHUDWHG DUH EDVHG RQ GHILQLWLRQV DQG VHWWLQJV GHYHORSHG LQ WKH *UDVVKRSSHU ODQJXDJH
LQGHSHQGHQWO\E\WKHDXWKRUV'XHWRWKHODFNRISRVVLELOLW\WRXVHRIFRQVWUDLQWVLPSOHPHQWHGLQWKHVRIWZDUHWKH
LPSRUWDQWLVVXHZDVGHWHUPLQDWLRQRISURSHUOLPLWVIRULQGLYLGXDOSDUDPHWHUVLQRUGHUWRHQVXUHFRPSOLDQFHRIWKH
JHRPHWULFPRGHOZLWKVWUXFWXUDOVHQVHRIWKHGHVLJQHGIRUPV
7KH*UDVVKRSSHUGHILQLWLRQRIWZLVWHGEXLOGLQJ)LJFRQVLVWVRIWKUHHPDLQSDUWV7KHILUVWRQHLVDEORFNRI
SDUDPHWHUVZKLFKFDQEHIXOO\VWHHUHGE\VOLGHUVZLWKRXWLQSXWRIDQ\UDQGRPRUH[WHUQDOGDWD7KHSDUDPHWHUVDUH
GLYLGHGLQWRJURXSVWKHILUVWRIZKLFKGHILQHWKHVKDSHRIWKHEDVLFIORRUDQGVRWKHQXPEHURIIORRUVLGHVWKHOHQJWK
DQGDQJOHRIURWDWLRQRIWKHEHDPDVZHOODVWKHUDGLXVRIWKHTXDVLFRUHDSSRLQWHGE\FROXPQV1H[WJURXSVDSSO\WR
WUDQVIRUPDWLRQRIGDWDUHVSRQVLEOHIRUURWDWLRQRIEHDPVDQGKLJKRIIORRUVUHSUHVHQWHGE\SRO\JRQV7KRVHLQGLYLGXDO
VHWWLQJVDUHPHUJHGLQWRWZRVWDFNVRIGDWD7KHXVHUFKRRVHVDEVROXWHKHLJKWRIHDFKIORRUEXWDQJOHVRIURWDWLRQVDQG
OHQJWKV RI EHDPV WKURXJK VHOHFWLQJ YDOXHV IURP WKH LQWHUYDO  !ZKLFK GHWHUPLQH WKHP UHODWLYH WR UHIHUHQFH
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GLPHQVLRQV%HFDXVHWKHFKRRVHRIH[WUHPHYDOXHVFDXVHVLQJHQHUDWLRQWKHVROXWLRQZKLFKLVLUUDWLRQDOLQVWUXFWXUDO
DVSHFWDQGFRQIOLFWLQJZLWKUHFLSURFLW\LGHDSUDFWLFDOO\WKHLQWHUYDOVRIYDULDELOLW\KDYHEHHQOLPLWHGWR!


)LJ7KH*UDVVKRSSHUGHILQLWLRQRIWZLVWHGEXLOGLQJ

)LJ([HPSODU\PRGHOVRIWZLVWHGEXLOGLQJVJHQHUDWHGZLWKWKHXVHRI*UDVVKRSSHUDSSOLFDWLRQ
7KH VHFRQG  WRS SDUW RI GHILQLWLRQ FRQWDLQV D PDLQ DOJRULWKP ZKLFK XVHV WZR OLVWV RQH RI WKHP FRQWDLQV
WUDQVIRUPHGJHRPHWU\RISRO\JRQVIRUHDFKIORRUDQRWKHULVDOLVWRIVFDODUVVWHHULQJDURWDWLRQ'DWDUHVSRQVLEOHIRU
REMHFWLVFRQYHUWHGWRDOLVWRIVHSDUDWHGSDUWVOLNHVHJPHQWVDQGYHUWH[HVZKLFKWDNHVSDUWLQDIXQFWLRQRIPDLQPRGXOH
ZLWKDOLVWRIURWDWLRQIDFWRUVZKLFKFUHDWHVDVWDFNRIIODWJHRPHWU\RIDVWUXFWXUH1HDUWKHHQGRIUHVWUXFWXULQJWKH
GDWDLVWUDQVIHUUHGRXWVLGHWKHPRGXOHLQWRWKLUGSDUWRIVHSDUDWHGLWHPVLQGLYLGXDOO\FKDQJHGE\VOLGHUVUHVSRQVLEOH
IRUDOHQJWKIDFWRUVRIEHDPVRQHYHU\IORRU7KHPHUJHGOLVWFRPHVEDFNLQWRPDLQPRGXOHDQGLVEHLQJUHFDOFXODWHG
JLYLQJDUHVXOWVDVDVHWRIEHDPVZKLFKHQGVGHILQHVWKHHQYHORSHVXUIDFHV
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7KH)LJSUHVHQWVH[HPSODU\PRGHOVRIWZLVWHGEXLOGLQJVJHQHUDWHGZLWKWKHXVHRIGHYHORSHGSURJUDPDOOEDVHG
RQVTXDUHIORRUV7KHOHVVFRPSOLFDWHGSURJUDPIRUVLPLODUDSSOLFDWLRQSUHVHQWHGLQOLWHUDWXUH>@GRHVQ¶WLQFOXGHWKH
DVSHFWRILQWHJUDWLRQEHWZHHQWKHIRUPDQGWKHVWUXFWXUH
7KH VHFRQG SURJUDPZKLFK KDV EHHQ SUHSDUHG UHIHUV WRPRGXODU VKHOO URRIV IRUPHG IURP VHJPHQWV RI UXOHG
VXUIDFHVZKRVHUHFLSURFDOVWUXFWXUHVDUHFUHDWHGIURPKRUL]RQWDOEHDPVDQGYHUWLFDORULHQWHGDUFKHV7KH*UDVVKRSSHU
GHILQLWLRQKDVEHHQZULWWHQRQ WKH VLPLODUZD\ H[FHSW WKDWYDOXHVRISDUDPHWHUV DUHGHWHUPLQHGRQFH WLPHZKLOH
UHSHWLWLYH GXSOLFDWLRQV RI VWUXFWXUDO PRGXOHV DUH WDNLQJ LQWR DFFRXQW LQ WKH GHILQLWLRQ E\ FUHDWLQJ QHWZRUN RI
FRQQHFWLRQV)LJ

)LJ7KH*UDVVKRSSHUGHILQLWLRQRIPRGXODUVKHOOURRI
&RQFOXVLRQ
7KHDUWLFOHSUHVHQWVWKHFRQFHSWDQGIXQFWLRQDOWRRORIIUHHGHVLJQRIDUFKLWHFWXUDOIRUPLQWHJUDWHGZLWKWKHVWUXFWXUDO
V\VWHPIRUVHOHFWHGFDWHJRULHVRIEXLOGLQJVPXOWLVWRU\EXLOGLQJVDQGVKHOOURRIV7KHSURSRVDOVRIIHUWKHDUFKLWHFWD
ODUJHIUHHGRPLQGHVLJQLQJWKHVKDSHRIWKHREMHFWE\UHOHDVLQJDWWKHVDPHWLPHZLWKWKHQHFHVVLW\RIFXUUHQWUHIOHFW
RQ WKH VWUXFWXUDO UDWLRQDOLW\7KH GHYHORSPHQW RI WKH SUHVHQWHG VRIWZDUH LQ GLUHFWLRQ WR LPSOHPHQWDWLRQ RI VWDWLF
VWUHQJWKDQDO\VLVPRGXOHSODQQHGIRUWKHIXWXUHVKRXOGJLYHDFRPSUHKHQVLYHWRROIRULQWHJUDWHGVKDSLQJRIIRUPV
ZKLFKZRXOGEHERWKYLVXDOO\LPSUHVVLYHDQGVWUXFWXUDOO\HIILFLHQW
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